background: To evaluate the safety of ICSI with epididymal sperm, this study compared children born after ICSI treatment with epididymal sperm and children conceived after IVF and ICSI with ejaculated sperm. Additionally, the results of a multidisciplinary, multicentre follow-up of the children conceived with epididymal sperm at 2 years of age are described.
Introduction
Azoospermia is present in 5% of all infertile couples and is found in 10% of male infertility cases (Irvine, 1998; De Croo, I et al., 2000) . Since the introduction of ICSI in 1991, it is possible for these couples to father their own progeny by using sperm retrieved by percutaneous sperm aspiration (PESA), microsurgical epididymal sperm aspiration (MESA) or testicular sperm extraction (TESE). PESA and MESA are applied in cases of obstructive azoospermia (OA) with an assumed normal spermatogenesis. In cases of non-obstructive azoospermia (NOA), as the result of a testicular failure or in cases of unsuccessful PESA or MESA, TESE is indicated.
Introduction of ICSI with non-ejaculated sperm in the Netherlands has a special history. From 1994, ICSI in the Netherlands was carried out either with ejaculated semen or with non-ejaculated semen. However, a few years later concerns arose in the Dutch society about the health of the children born after ICSI with non-ejaculated sperm, referring to unknown risks of using aged (epidydimal) or immature (testicular) sperm cells. This led to a national moratorium for the application of ICSI with non-ejaculated sperm in 1996. With support from the Dutch government, studies were set up to obtain more information about these risks. Preclinical studies showed that motile epididymal sperm cells did not show increased DNA abnormalities, as measured by terminal deoxynucleotidyltransferase-mediated dUTP nick-end labelling and chromomycin A3 assays (Ramos and Wetzels, 2001; Ramos et al., 2002) . Furthermore, studies in other countries showed no increase in the number of congenital defects in children born after ICSI in combination with MESA, PESA and TESE compared with ICSI with ejaculated sperm (Aytoz et al., 1998; Bonduelle et al., 1998; Bonduelle et al., 2002) . Therefore, the Dutch government agreed in 2001, with the start of a new prospective and multicentre clinical study, to confirm whether sperm retrieved by PESA or MESA in case of an OA can be used safely for ICSI. There was still a moratorium for the application of ICSI with TESE.
On the other hand, as recently published in a systematic review about karyotyping, congenital anomalies and follow-up of children after ICSI with non-ejaculated sperm, it was concluded that the study groups in these studies were small, heterogenic and with a lot of (possible) biases (Woldringh et al., 2010) . Therefore, well developed, large studies are necessary.
In this article, we will describe the children born during 7 years of ICSI treatment with epididymal sperm in the Netherlands. These results were compared with the results of children conceived after IVF and ICSI with ejaculated sperm. Additionally, we will describe the results of a multidisciplinary, multicentre follow-up of the children conceived with epididymal sperm at 2 years of age.
Materials and Methods

Setting
The protocol for this multicentre study was approved by the Dutch Central Committee on Research involving Human Subjects (CCMO, The Hague, The Netherlands). Patients from six IVF centres (the only ones in the Netherlands which may be performing PESA or MESA treatment before October 2007) were included: University Medical Centre St Radboud Nijmegen, University Medical Centre Utrecht, University Hospital Maastricht, University Medical Centre Rotterdam, VU University Medical Centre Amsterdam and Medical Centre for Childwish Leiderdorp.
Patients
All patients signed an informed consent for treatment and follow-up before participating in this study. Men with an azoospermia were seen by the urologist to diagnose whether there was an OA or NOA. In cases of an OA (anamnesis for obstruction, normal volume of testis, FSH ,10 IU/l) a diagnostic PESA or MESA was planned to check if semen could be harvested. If possible this semen was cryopreserved for later treatment, otherwise an acute PESA/MESA was necessary at the time of ovum retrieval. Female patients were seen on the fertility department for a routine intake for an ICSI treatment; exclusion and inclusion criteria were according to the local clinical protocol. Included patients underwent ovarian hyperstimulation according to the local protocol. Only mature, morphologically normal oocytes were used for ICSI, either with frozen-thawed or fresh sperm cells. Intrauterine embryo replacement of one or two embryos was performed at 2 -5 (dependent to the clinic) days after ovum retrieval.
Follow-up by questionnaires
The study group was called the 'PESA group', although in 15% of the cases sperm was retrieved by MESA. The follow-up of these children was co-ordinated from Radboud University Nijmegen Medical Centre by asking the patients to return questionnaires after birth, after 1 year and 4 years of age. These questionnaires collected data on parental, pregnancy and child factors, including gestational age, mode of delivery, birthweight, presence or absence of malformations and neonatal problems. The study included all children with a gestational age of 20 weeks or more born between January 2002 and May 2008.
The control group consisted of IVF and ICSI (with ejaculated sperm) children with a gestational age of 20 weeks or more, who were born between June 1995 and May 2007 after treatment in the Radboud University Nijmegen Medical Centre. Information on fertility treatment and pregnancy outcome (birthweight, gender, alive or not at time of birth) of all children was retrieved from medical records (there is no national register for children born using IVF and ICSI). In addition, questionnaires were sent to the parents of all children near the first and fourth birthday to obtain data on parental, pregnancy and child factors. The questionnaire at 1 year of the control group obtained the same information as the combination of the questionnaires at birth and at 1 year of the PESA group.
If the parents (of the study group and control group) did not respond to the questionnaire, they received a reminder 3 months later. When they did not respond again at 1 year, the data asked in the 1-year questionnaire were included in the 4-years questionnaire. In both groups, only children born after replacement of fresh embryos were included. Only singletons and twins were included, because there were no triplets in the study group.
Follow-up by assessment
Additional to the questionnaires, the PESA group was assessed for motor performance, mental-and language development and compared with the Dutch norms according to the individual tests (explained below for the different tests). The PESA group was seen at chronological age of at least 2 years and 4 months at the department of Neonatology, Radboud University Nijmegen Medical Centre by a medical doctor, paediatric physical therapist, speech and language therapist and child psychologist during a single clinic visit. All observations were performed by one single person per area. Parents were present throughout the test procedures.
Physical examination was performed by a medical doctor, especially for validation of the questionnaires on major and minor malformations.
Motor performance and mental development was assessed using the Bayley Scales of Infant Development, 2nd edition, Dutch version (BSID-II-NL) (Bayley, 1993; van der Meulen et al., 2002) . Based on content, construct and concurrent validity the BSID-II has been shown to be a comprehensive and appropriate instrument for assessing motor performance (Provost et al., 2000; Provost et al., 2004) . The results were compared with the Dutch standards as described by van der Meulen et al. (2002) , which differ from the US norms at 2 years of age (Westera et al., 2008) . The BSID-II-NL motor scale assesses gross and fine motor skills. The mental scale consists of items that measure visual and auditive information processing, eye-hand coordination, imitation, language skills, memory and problem-solving. Raw scores are recalculated into a psychomotor developmental index (PDI) and a mental developmental index (MDI), with a mean value of 100 and a SD of 15 using norm-referenced tables. Scores of 115 or more are indicative of accelerated performance; scores between 114 and 85 reflect a normal performance. Scores between 84 and 70 reflect a mildly delayed performance and scores of 69 and less reflect a significantly delayed performance. Here, the classification 'accelerated' and 'normal' performances were combined into 'normal' performance.
Behavioural outcome was assessed using the Dutch version of the Child Behavior Checklist (CBCL) for children aged 1.5 -5 years (Achenbach and Rescorla, 2000) . The CBCL is a validated parental questionnaire and rates 113 problem behaviour items on a 3-point scale ranging (0 ¼ not true, 1 ¼ somewhat true, 2 ¼ very true). A total problem score is obtained by summing the scores of all items with a normative value of 50 and a SD of 10. Raw scores are recalculated into T scores. A T-score ,60 is classified as normal, 60 -63 is borderline and .63 is in the clinical range. 
Follow-up after ICSI with epididymal sperm
The speech therapist used the Dutch Reynell test, a standardized test that examines the receptive language development of Dutch-speaking children between 1.02 and 6.03 years of age . In this test expressive language is not required since the children can point out their answers. To examine the language expression of the children, the tests for syntactic and lexical development of the Schlichting test were applied . The Schlichting test is a standardized test for Dutch-speaking children of the same age group. The test for syntactic development elicited grammar structures and the test for lexical development measured the active vocabulary by instructing the children to name objects and pictures. The numbers of correct answers resulting from both the Reynell and the Schlichting tests were transformed into aged-independent standard quotient scores: RLDQ ¼ receptive language development quotient; SDQ ¼ syntactic development quotient; LDQ ¼ lexical development quotient. These scores had a mean of 100 and a SD of 15, with extreme values at 23 and + 3 SD.
Definitions
Except for late neonatal death (death of a child from Day 7 until Day 28 inclusive) and infant death (death of a child later than Day 28) (Bonduelle et al., 2002) , all the definitions used conform with the glossary mentioned in 'The International Committee for Monitoring Assisted Reproductive Technology and the World Health Organization revised glossary on ART terminology, 2009 ' (Zegers et al., 2009 . A widely accepted definition of major malformation was used, i.e. malformations that generally cause functional impairment or require surgical correction. The remaining malformations were considered minor. Ductus arteriosus was considered major if still patient at 3 months for a child born at term, or at 6 months for a preterm child born before 37 completed weeks. Inguinal hernia was considered minor in a preterm child born before 37 completed weeks and major for a child born after 37 weeks. Pyloric stenosis was counted as major.
Statistics
Descriptive statistics are given with mean and percentage with 95% confidence interval (CI). We used the independent samples t-test for comparing the means in birthweight between the PESA group and control groups. Descriptive statistics were used for the BSID-II-NL, classification and for the prevalence of language delay. The PDI, MDI, RLDQ, SDQ and LDQ were tested for normality according to the Dutch standards. One-sample t-tests were carried out to compare whether the children differed from the reference group. Independent sample t-tests were used to compare singletons and twins. P values ,0.05 were considered statistically significant.
Results
Follow-up by questionnaires
The flow chart (Figure 1 ) shows all included pregnancies with a gestational age of 20 weeks or more of the PESA, IVF and ICSI groups. Table I shows details on stillbirths, live births and neonatal deaths of the fetuses at the age of 20 weeks or more, without the fetuses lost for follow-up. Of the stillbirths, six terminations (two PESA, three IVF and one ICSI) were performed after prenatal karyotyping. These terminations took place between 20 and 24 weeks of gestational age. Total stillbirths did not differ between groups. Also the causes for these deaths were comparable over the three groups, however only the IVF group showed perinatal loss resulting from solution placentae (n ¼ 3). In general, most live born children who died before 1 year of age were related to twin pregnancies (40 out of 56). In total, 48 out of 56 children (85.7%) died after preterm birth (8 PESA, 26 IVF and 14 ICSI children) and of these 44 (78.6%) died after very preterm birth (7 PESA, 24 IVF and 13 ICSI children). For one IVF child who died the gestational age was not known. death were present in one PESA child, seven IVF-and three ICSI children. The first part of the follow-up of the children consisted of questionnaires. For the PESA group these were sent at birth, with a response of 99%. The response on the questionnaire at 1 year of age was 96% for the PESA group, 83% for the IVF group and 90% for the ICSI group. At 4 years of age the response was 89% for the PESA group, 73% for the IVF group and 75% for the ICSI group. Table II shows the parental characteristics of the live born deliveries. In general the groups showed no differences. Exceptions are the lower proportion of primiparae in the IVF group and the relatively high age of fathers of the PESA children. Table III shows the paediatric characteristics of live born children. There was no difference in mean birthweight between the study group and the control groups, although there was a higher percentage of twins with a very low birthweight (,1500 g) in the PESA group than in the ICSI group. There were no differences between the groups in gender rate and gestational age.
The numbers of major and minor malformations of live born children are given in Table IV . There were no differences in major malformation rates between all groups. Minor malformations were seen less frequently in the PESA children than in the IVF and ICSI groups. There were no differences between singletons and twins in major or minor malformations.
Follow-up by assessment
The characteristics of the parents of the assessed group (i.e. who did follow-up) were comparable with the total PESA group (Supplementary data, Table S1 ). Supplementary data, Table S2 shows the results of the follow-up scores of the PESA children at the age of at least 2 years and 4 months. Follow-up after ICSI with epididymal sperm moved with unknown address and 14 children (6 singletons and 4 twins) did not appear for different reasons such as follow-up programme elsewhere, operation or illness, forgotten or did not want to come. In total, there were 149 children assessed. Reliable assessment was not possible in all the children, because some refused items or did not understand the instructions owing to language barriers (9 children had another language, although one or both parents understood Dutch).
No additional malformations were found by physical examination than already found and reported at 1 year of age.
The BSID-II-NL showed no differences for the mean PDI (motor performance) between the study group and the Dutch reference group.
The mean MDI (mental development) of the PESA group was within the normal range but was higher (P , 0.05) than the Dutch reference group. This positive effect was only present in the singleton subgroup; the twin subgroup did not differ from the norm group. There were more than the expected numbers of PESA children with normal mental development and fewer PESA children at risk or abnormal.
Concerning the CBCL, parents reported fewer behavioural problems than the norm. In the overall group the behavioural scores were lower (P , 0.05) than the normative mean value of 50 + SD (10). No differences were found when comparing the singletons and twins.
For speech and language development (Reynell test and Schlichting tests), the PESA singleton group showed a better (P , 0.05) mean score for syntactic and lexical development (SDQ and LDQ) as compared with the Dutch reference values. The receptive language development (Reynell test) showed no differences for the mean RDLQ between the study group and the Dutch reference group.
Discussion
In this prospective multicentre study, it was found that children born after an ICSI treatment with epididymal sperm of men with an OA 4; 41.4-59.4 192 51.6; 46.4-56.8 180 44.3; 39.4-49.3 showed no increased risks for stillbirths, total deaths, malformations and psycho-motor problems. They also did not differ from IVF and ICSI (with ejaculated sperm) children in gender rate, birthweight and gestational age. On some aspects the PESA group scored even better than the IVF and ICSI control groups. The minor malformations rate in the PESA group was lower than in the control groups. Furthermore, the mental Bayley score was significantly higher for PESA singletons, and parents reported fewer behavioural problems in the PESA group than the Dutch reference group. Finally, the scores for syntactic development and lexical development for the PESA singletons were significantly better than the Dutch standards. The percentage of stillbirths was in accordance with other studies for IVF and ICSI children, although these percentages are higher than for children conceived naturally (Bonduelle et al., 2002; Devroey and Van Steirteghem, 2004; Helmerhorst et al., 2004; Wisborg et al., 2010) . It is thought that infertility, irrespective of treatment, increases the risk of perinatal death and other problems in the offspring (Draper et al., 1999; Basso and Baird, 2003; Thomson et al., 2005; Ombelet et al., 2006; Zhu et al., 2006) . A higher incidence of low birthweight, preterm birth and perinatal death is not only a complication of multiple pregnancies but is also more prevalent in IVF and ICSI singletons (Helmerhorst et al., 2004) . The actual infertility is a possible explanation for this phenomenon but more obvious is the fact that the women who conceive after IVF or ICSI are often older and primiparous. Also vanishing twins are seen more often in women who conceive after IVF or ICSI and may cause lower birthweight, preterm birth and perinatal death (Schieve et al., 2002; Pinborg et al., 2005; Pinborg et al., 2007) .
In our study, there were no differences in gender rate between groups. However, there were slightly more girls in the PESA group and ICSI group (with ejaculated sperm) in contrast to slightly more boys in the IVF group. In other studies they also found more boys after an IVF treatment, but different results for sex ratios after ICSI with ejaculated or epididymal sperm. Bonduelle et al. (2002) found more boys after ICSI with epididymal sperm and Fedder et al. (2007) found more girls, although both results were not significant and were based on small numbers in groups only.
In agreement with the present results, previous studies showed no increased risks related to the use of epididymal sperm (Wennerholm et al., 2000; Bonduelle et al., 2002) . In different meta-analyses, a higher rate of malformations has been reported for IVF and ICSI children than children conceived naturally but these rates did not differ between IVF and ICSI (Rimm et al., 2004; Hansen et al., 2005; Lie et al., 2005; Sutcliffe and Ludwig, 2007) . Moreover, the risk of major malformations did not seem to be related to the source of sperm (Woldringh et al., 2010) . In general, various methodological pitfalls were mentioned in studies about malformations, such as failure to take into account potential confounding variables, the way in which malformations are determined and registered, and inconsistent criteria with respect to classifying malformations (inclusion or exclusion of minor malformations and malformations present in terminated pregnancies and stillbirths) (Simpson, 1996; Van Steirteghem et al., 2002) . Because of these pitfalls and because of studies with only small groups of children conceived after ICSI with epididymal sperm, it was difficult to compare the finding of fewer minor malformations in our PESA group. Not all malformations are diagnosed at birth but will be identified up to A widely accepted definition of major malformation was used, i.e. malformations that generally cause functional impairment or require surgical correction. The remaining malformations were considered minor. Ductus arteriosus was considered major if still patent at 3 months for a child born at term, or at 6 months for a preterm child born before 37 completed weeks.
Inguinal hernia was considered minor in a preterm child born before 37 completed weeks and major for a child born after 37 weeks. Pyloric stenosis was counted as major.
a Number of children with one or more major malformations or major and minor malformations. Number of children with one or more minor malformations and no major malformations.
Follow-up after ICSI with epididymal sperm 12 months of age; two-thirds of major malformations were detected within the first 7 days of life and about 90% within the first 6 months (Hansen et al., 2002) . The data on malformations of the IVF and ICSI children were all from the questionnaires for 1 year old. As only 260 out of 357 (72.8%) live born PESA children reached the age of 1 year before May 2008, this could partly explain the lower prevalence of minor malformations in this group. In one of the first studies about development of the ICSI children, a lower mental development with Bayleys at 1 year of age was found, especially for boys (Bowen et al., 1998) . These findings were not confirmed by later studies, which showed no significant difference in development between the ICSI children and their naturally conceived peers (Bowen et al., 1998; Bonduelle et al., 2003; Nekkebroeck et al., 2008) . Studies about children conceived after ICSI with epididymal sperm with a follow-up of at least 2 years are rare (Bonduelle et al., 1996; Woldringh et al., 2010) . Our findings of a significantly higher mental Bayley score for PESA singletons and fewer reported behavioural problems in the PESA group than the Dutch reference group could be explained by a higher educational level of the parents of the PESA children than of the Dutch reference group [high education of mother in 77.0% and of father in 73.1% (van der Meulen et al., 2002) ]. The same explanation could be given for the significantly better scores for syntactic development and lexical development for the PESA singletons than the Dutch standards.
The strengths of our study were the large numbers in the study and control groups, the similar way of collecting information for all groups using the same questionnaires with a good response, the availability of information about the parents and children, and the long period of follow-up of the children up to 4 years of age. Possible weaknesses of our study were the composition of the control group (no natural conceived children but IVF and ICSI children), the use of questionnaires, the un-blinded design and the lack of matched controls for the follow-up at 2 years of age.
The reassuring outcomes of the present study are important not only for clinicians and future patients but also for policy-makers who have to decide about ethics and costs of new techniques. At time of writing, the questionnaires (at birth, 1 year and 4 years of age) have been sent to the parents of the PESA children conceived in Nijmegen. We stopped the assessment at 2 years of age. The first 90 PESA children seen at 2 years of age by assessment were already seen at 5 years of age for another assessment by a medical doctor, a psychologist and a physical therapist, and unfortunately our project has been stopped for reasons of cost effectiveness, therefore no additional data at 5 years will be collected. Our study focused on ICSI with epididymal sperm and not on ICSI with testicular sperm. More research is necessary to confirm whether testicular sperm retrieved by TESE in case of an NOA can be used safely for ICSI.
In conclusion, ICSI with epididymal sperm does not lead to more stillbirths and congenital malformations in comparison with IVF and ICSI with ejaculated sperm and does not lead to poor development in comparison with the Dutch reference group.
Supplementary data
Supplementary data are available at http://humrep.oxfordjournals.org/.
